US009245605B2
a2y United States Patent (10) Patent No.: US 9,245,605 B2
Jeon et al. 45) Date of Patent: Jan. 26, 2016
(54) CLOCK SYNCHRONIZATION CIRCUIT AND (52) U.S. CL
SEMICONDUCTOR MEMORY DEVICE CPC G11C8/18(2013.01); G11C 7/222 (2013.01);
INCLUDING CLOCK SYNCHRONIZATION HO3L 770814 (2013.01); HO3L 7/0816
CIRCUIT (2013.01); HO3ZL 7/095 (2013.01); HO3L 7/10
(2013.01)
(71) Applicant: SAMSUNG ELECTRONICS CO., (58) Field of Classification Search
LTD., Suwon-si, Gyeonggi-do (KR) None
See application file for complete search history.
(72) Inventors: Seong-Hwan Jeon, Suwon-s1 (KR); _
Yang-Ki Kim, Scoul (KR); Seok-Hun (56) References Cited
Hyun, Seongnam-s1 (KR); Jung-Hwan
Choi, Hwaseong-si (KR) U.S. PATENT DOCUMENTS
_ _ 7,215,166 B2 5/2007 Tani
(73) Assignee: Samsung Electronics Co., Ltd., 7,660,171 B2  2/2010 Jang
Suwon-s1, Gyeongg-do (KR) 7,881,132 B2 2/2011 Shin
2002/0125926 Al* 9/2002 Schnell ................ G11C 7/1066
( *) Notice: Subject to any disclaimer, the term of this | _ 327/156
- : 2008/0238507 A1 10/2008 Shim
patent 1s extended or adjusted under 35 5010/0147296 A 62010 Y.
1 1 1 ou
U.S5.C. 154(b) by O days. 2010/0164572 Al 7/2010 Kim
2012/0194233 Al 8/2012 Kim et al.
(21) Appl. No.: 14/250,460
FOREIGN PATENT DOCUMENTS
(22) Filed: Apr. 11, 2014
JP 2011-205165 10/2011
US 2014/0313847 A1~ Oct. 23, 2014 * cited by examiner
Primary Ikxaminer — James (0 Norman
Related U.S. Application Data (74) Attorney, Agent, or Firm — Volentine & Whitt, PLLC
(60) ?;ozigilgnal application No. 61/812,772, filed on Apr. (57) ARSTRACT
| | A clock synchronization circuit includes a delay-locked loop
(30) Foreign Application Priority Data (DLL) and a delay-locked control umt. The DLL 1s config-
ured to generate an output clock signal by delaying an input
Sep. 17,2013 (KR) .o 10-2013-0111935 clock signal by a delay time, and to execute a delay-locking
operation 1n which the delay time 1s adjusted to a locked state
(51) Int. Cl. according to a comparison between the output clock signal
G1IC §/18 (2006.01) and the input clock signal. The delay-locked control unit
GI1IC 7/22 (2006.01) configured to detect the locked state of the DLL, and to
HO3L 7/081 (2006.01) control the DLL based on the determined locked state.
HO3L 7/095 (2006.01)
HO3L 7710 (2006.01) 11 Claims, 15 Drawing Sheets
100d
e o110
i i, pail 117
| CLK2 . I
CLKCIN —4—— CLK BUFZ2 =~  Delay line CLK BUF4 |—= CLK_QUT
¢——= CLK BUFT |
: —|—r 112 |CON_dly :
L________'__. _____________ 1 N :
disable | |
A R +—120d . ¢—= Delay controller |
| -12td _l_l { 116 |
| Gount : I :
; j_l_lf ; e
ST —b— LS | i i
I | | CLK3 I
Lock [ feza | Up/Dn :
| detector [} : 1 119 i
] i Phase detector | i



U.S. Patent Jan. 26, 2016 Sheet 1 of 15 US 9,245,605 B2

nase detector

FIG. 1
100
110
yd
CLKIN ——p——{  Delaylockec — CLK_OUT
[e]e]e
120
Delay lock
controller
FIG. 2
1004
110
r—— "~ [_ _____ ]
/111 i
CLK_IN Delay line —— CLK OUT

120a I :
IS Lo : :
i 121 | 112 CON_dly |
: Counter i _ --i Delay controller i
: - Disanle i i
i DLS 1223 i i
i i i ) i
: : i < i



U.S. Patent Jan. 26, 2016 Sheet 2 of 15 US 9,245,605 B2

FIG. 3
- 2N
. fICLK | Ddll
- - -
CLK_IN 1
| ' i
CLK_.OUT | ;
(Unlock) : ; B
CLK_OUT

(Lock) ¢



US 9,245,605 B2

olepdn 77 ysiui

Sheet 3 of 15

Jan. 26, 2016

/AN K|

U.S. Patent

olepdn 71C

(13534}
]

SRS

# LNO

o> 10

NI M1O



U.S. Patent

NO

Jan. 26, 2016 Sheet 4 of 15 US 9,245,605 B2
FIG. 9
( START )
START DLL UPDATING OPERATION S110
5120 NO
YES
S130

WH

DETER

- THER LOC

PERIOD O

MINE
D STATE 1S
MAINTAINED FOR PREDETERMINED

KE

M

YES

—/

FINISH DLL UPDATING O

5140

PERATION



US 9,245,605 B2

Sheet 5 of 15

Jan. 26, 2016

U.S. Patent
FIG. 6

_|
= T
K_ =
— O_
-« N
1
i O
o~~~ !
| ® |
| | B
o > | m | |
/m N e e — _ — | SN |
® Ie IS /_ — T | T = _
_ = S| & & _ ~ T2 | 2 _
_ = 4 o _ | O — — |
| Q) C O | | /. = - /. C) |
| ~ O e | O | = O S < |
| - | - _ E— — +— _
_ O O _ S | O O |
_ O . by _ — _ ~ O K@ _
| M \ ) < | _ 0 Q - |
_ T | _ — = D _
_ C\ > C | _ 1) 2 P _
| Ay M O | | - © > ® |
_ — _ | D - —~ _
| i | | () O |
||||||||||||||||||||||||||||||||||||||||||||||||| 1 _ _
| |
O
ﬂU IIIIIIIIIIIIIIIIIIIIIIIIII 1
G e _
— T ﬁ/._
S o |
D _ D |
_ -+ Y _
< _ = S 3
—
O | w P m 2 |
S _ & — = _
1 _ () _
| * _
| |
7 I |
®

CLK_IN
FIG.
CLK_IN



US 9,245,605 B2

e 10

1010813p aseyd

yd

¢l

1010913

ud/an

AV0 ]

S 10

0z21

-
T
- 191UN0N
> I > JrAE
= 18]|0JJUCD Aela(] N I
= / r_oom_ Ky
AIPTNOD 2% _
L 4NG W10 f=—r
oJ . _
- 7419 M aul| Aes ¢dNg9 A _
; 1N 0 I Ao (] 24N8 10 | —
E SN 1 L_
potL _
P00 |
V8 Ild

U.S. Patent

1S

NI A10



US 9,245,605 B2

Sheet 7 of 15

Jan. 26, 2016

U.S. Patent

100d

8B

FIG.

110d’

|||||||||||||||||

i~

/111

1108

CLK BUF

e
o
&V
AT
||||||||||||||
_
_
" |
V=N
¢y QO _
S
Le _
O _
_
Ihl _
|||||||||||||||||||||||
N
O
® €
)
| N < v
o | & —| O
O ~— O
= =) =
D
w O
b
= D
<O S
1) C
oY ) N

-1

9

FIG.

_|
D
O_
N
—1
-
e J_
T |
TN N _
/._.__I W,. Y ) |
A S22l =] & _
| D = O O |
_/m O = D _
_
_ _ © | § © _
_ © O C O _
| @ > ol 8
| i © o) S _
_ QO U L |
| - O _
_ |
L B
D QL
(O i,
X ;
| =
[ 1
_ .g _
o _
| — |
| |
_ _
_ _
| |
| |
| P |
| e _ | |
o O o |© |
| T QN |
| O\ N _
—~ - | = s| |
A O
_/ = /Wﬂ |
|3 SE
QO
_ - e, _
_ _
_ _
| ! i
- - 4 _
=
_
N
O



U.S. Patent Jan. 26, 2016 Sheet 8 of 15 US 9,245,605 B2

FIG. 10 )

START DLL UPDATING OPERATION S210

PERFORM DLL UPDATING OPERATION FOR | go5¢
PREDETERMINED PERIOD OF TIME

“nase detector

S230 NO
YES
FINISH DLL UPDATING OPERATION S240
( END )
FIG. 11 100f
110
- H{/"7
| / |
CLEh ’ | ' CLK_OUT
: Delay line :
1211 ;-~120f i i
: Counter ANT 193 i CON_dly i
i MS | . Denbin Delay controller i
o o - |
i Lock | 4504 i i i
| detector i I I
e I——0L T




US 9,245,605 B2

£,

o

Cojny

-

&N

@ R1B(]

=

9 9.

- 1IN0JI1D INdING
= Blep [BuJalul
g |

&

: 0

=

S 001} sng eleq

U.S. Patent

1NO A10

LI T T T T J_
| |iowsiep eseyq | S . m
w | g1y _ _ 1030938p | ! m
o CQ\QD | _ NAOT _ |
| _ m m m
u m m s1a | ezzl m
i m 18||041U0D Aela m i 1S i
- ' a/gesiq| m
| APTNOD - _o_ S m
u BOCl— 12l m m
— oull ABjoq - NITHIO |
ST m
O |
e00t”
0001
cl "Old



US 9,245,605 B2

Sheet 10 of 15

Jan. 26, 2016

U.S. Patent

olepdn 7713

31V1S NOILVdddO
15dl4

- O

alepdn 77 uUsIul4 alepdn

101008

41V.15 NOILVdddO 15dI-

| 10

&1 g1
91BpON 710 YSIUIS a1epdn 110
m -— o -
| N 1D100€ q
41V1S NOILVHIdO 1SHId
&l Ild

9|{esl(]

S'10

1S



US 9,245,605 B2

Sheet 11 of 15

Jan. 26, 2016

U.S. Patent

FIG. 14A

DQS

300
200

Memory
Device

Memory
Controller

DQ

B S S [P 2 - S
_1 I
1 ()
M |
| N
= @
e
m B +~ | -t - 1 it okt bbal Ealbalebele o
(D )
LL| < - H
— I T e . U I I _

FIG.

DQS
DQ




U.S. Patent Jan. 26, 2016 Sheet 12 of 15 US 9,245,605 B2

FIG. 15A

300 200

DQ Memory device

DLL

FIG. 19oB

300 400

Memor DQ)
DQS

control




U.S. Patent Jan. 26, 2016 Sheet 13 of 15 US 9,245,605 B2

FIG. 16
520 510
s
L1
3= MEMORY
2 ARRAY
L1
()
DQ
/540 /
INPUT/OUTPU
CIRC Ob1
/DQS
550 .
s 0OD2 —‘ |
ADDRESSING COLUNN clK
CIRCUIT DECODER
Dl | 100
“CLK

CONTROL
SIGNALS



U.S. Patent Jan. 26, 2016 Sheet 14 of 15 US 9,245,605 B2

FIG. 17

2100

Module Board

2110
DRAMT DHAMN
£ 2 —
0
TSV :
/o Mat-2111
/
100
DQ, DAS
CMD/ADD
CLK

Memory
Controller 2200



U.S. Patent Jan. 26, 2016 Sheet 15 of 15 US 9,245,605 B2

FIG. 18

3000
3200 3100

RAM CPU

INTERFACE




US 9,245,605 B2

1

CLOCK SYNCHRONIZATION CIRCUIT AND
SEMICONDUCTOR MEMORY DEVICE
INCLUDING CLOCK SYNCHRONIZATION
CIRCUIT

CROSS-REFERENCE TO RELAT
APPLICATIONS

gs
w

A claim of prionty 1s made to U.S. Provisional Patent
Application No. 61/812,772, filed on Apr. 17, 2013, 1n the
U.S. Patent and Trademark Oflice, and Korean Patent Appli-
cation No. 10-2013-0111935, filed on Sep. 17, 2013, 1n the
Korean Intellectual Property Office, the disclosures of which
are incorporated herein 1n their entireties by reference.

BACKGROUND

The mventive concept generally relates to semiconductor
circuits, and more particularly, to clock synchronization cir-
cuits which include a delay-locked loop (DLL) and to semi-
conductor memory devices including clock synchronization
circuits which include a DLL.

In order to avoid degradation of high-frequency perior-
mance, a semiconductor device that operates at a high fre-
quency, such as a semiconductor memory device, requires a
circuit that 1s effective 1in accurately synchronizing a phase of
an internal clock signal with a phase of an external clock
signal. To this end, a delay-locked loop (DLL) 1s generally
used. The DLL operates by delaying the external clock signal
by a delay time to generate the internal clock signal, and by
teeding back the generated internal clock signal to adjust the
delay time so as reduce a phase difference between the inter-
nal clock signal and the external clock signal.

SUMMARY

According to an aspect of the inventive concepts, a clock
synchronization circuit 1s provided which includes a delay-
locked loop (DLL) and a delay-locked control unit. The DLL
1s configured to generate an output clock signal by delaying
an mput clock signal by a delay time, and to execute a delay-
locking operation in which the delay time 1s adjusted to a
locked state according to a comparison between the output
clock signal and the mput clock signal. The delay-locked
control unit 1s configured to detect the locked state of the
DLL, and to generate a delay-locked disable signal when the
locked state 1s detected as being maintained for a predeter-
mined period of time, where the DLL 1s responsive to the
delay-locked disable signal to terminate the delay-locking
operation.

When the delay-locking operation 1s terminated, the delay-
locked control unit may terminate the detected locked state of
the DLL.

The predetermined period of time may be set according to
an external setting signal. Alternately, the predetermined
period of time 1s set according to a phase difference between
the input clock signal and the output clock signal in the locked
state.

The delay-locked control unit may include a locked detec-
tor that determines whether the DLL 1s 1n the locked state, and
outputs a delay-locked signal, and a counter that counts a time
in which the locked state 1s maintained based on the delay-
locked signal to obtain a count value, and to output the delay-
locked disable signal when the count value 1s equal to or
greater than a predetermined value. The counter may count
the mput clock signal when the delay-locked signal has a first
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logic level, and the counter may be reset when the delay-
locked signal has a second logic level.

The DLL may 1nclude a phase detector configured to gen-
erate an up-down signal based on a phase difference between
the mput clock signal and the output clock signal, a delay
controller configured to output a delay control signal for
adjusting the delay time 1n response to the up-down signal,
and a delay line configured to delay the input clock signal
according to the delay control signal. The locked detector
may be configured to receive the up-down signal, and deter-
mine whether the DLL 1s in the locked state based on a
number of repetitions of an up state or a down state of the
up-down signal. Alternately, the locked detector may be con-
figured to whether the DLL 1s locked based on the phase
difference between the input clock signal and the output clock
signal. Also alternatively, the locked detector may be config-
ured to determine whether the DLL 1s locked based on a
change value of the delay control signal.

The DLL may further include a first clock butier that buii-
ers a received clock signal, and generates a first clock signal
that 1s applied as a reference clock signal of the delay con-
troller and the locked detector, a second clock butfer that
buifers the recerved clock signal, and generates the input
clock signal that 1s applied to the delay line, a third clock
butifer that buifers an output of the delay line, and generates
the output clock signal that 1s applied to the phase detector,
and a fourth clock butfer that buflers the output of the delay
line, and generates another output clock signal that has a same
phase as the output clock signal that 1s applied to the phase
detector, where operations of the first clock buifer and the
third clock butier are stopped 1n response to the delay-locked
disable signal.

The DLL may further include a first clock butier that buii-
ers a received clock signal, and generates a first clock signal
that 1s applied as a reference clock signal of the delay con-
troller and the locked detector, a second clock butfer that
builers the output of the delay line, and generates second
clock signal that has a same phase as the output clock signal
that 1s applied to the phase detector, where an operation of the
first clock buffer 1s stopped in response to the delay-locked
disable signal.

The clock synchronization circuit may applied to a semi-
conductor device that inputs or outputs data in synchroniza-
tion with an external device, where when an operational state
of the semiconductor device 1s changed, the delay-locking
operation of the DLL 1s performed.

According to another aspect of the mventive concepts, a
clock synchronization circuit 1s provided which includes a
delay locked loop (DLL), and a control circuit configured to
disable a delay-locking operation of the DLL upon detecting
a locked state of the delay-locking operation of the DLL for at
least a predetermined period of time.

The DLL may be configured to delay an input clock signal
by a delay time and output a resultant delayed signal as an
output clock signal, and the delay-locking operation of the
DLL may include comparing the output clock signal with the
input clock signal, and adjusting the delay time according to
a comparison result.

The control circuit may be configured to monitor the delay-
locking operation to determine whether the delay time has
been locked for the predetermined period of time, and to
disable the delay-lock operation when 1t 1s determined that
the delay time has been locked for the predetermined period
of time.

The DLL may include a delay line configured to delay an
iput clock signal by a delay time and output a resultant
delayed signal as an output clock signal, a phase-detector
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configured to generate an up-down signal having a first state
when a phase of the input clock signal 1s 1n advance of a phase

of the output clock signal, and having a second state when the
phase of the input clock signal trails the phase of the output
clock signal, a delay controller configured to adjust the delay
time of the delay line 1n accordance whether the up-down
signal 1s 1n the first state or the second state.

The control circuit may be configured to monitor at least
one of an output of the phase-detector and an output of the
delay controller to detect the locked state of the delay-locking
operation of the DLL.

According to yet another aspect of the mventive concepts,
a semiconductor memory device 1s provided which includes
an array ol memory cells, a delay-locked loop (DLL), a delay-
locked control circuit, and a data output unit. The DLL 1s
configured to generate an output clock signal by delaying an
input clock signal by a delay time, and to execute a delay-
locking operation 1n which the delay time 1s adjusted to a
locked state according to a comparison between the output
clock signal and the mput clock signal. The delay-locked
control unit 1s configured to detect the locked state of the
DLL, and to control the DLL based on the determined locked
state. The data output unit 1s configured to output data that 1s
stored 1n the array of memory cells, based on the output clock
signal.

The delay-locked control unit may include a locked detec-
tor that determines whether the DLL 1s 1n the locked state, and
outputs a delay-locked signal, and a counter that counts a time
in which the locked state 1s maintained based on the delay-
locked signal to obtain a count value, and to output the delay-
locked disable signal when the count value 1s equal to or
greater than a predetermined value.

Respective operations of the DLL and the delay-locked
control unit may be reset when an operational state of the
semiconductor memory device 1s changed.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the mventive concept will
become readily understood from the detailed description that
tollows, with reference to the accompanying drawings, 1n
which:

FIG. 1 1s a block diagram 1llustrating a clock synchroniza-
tion circuit according to embodiments of the inventive con-
cept;

FI1G. 2 1s a block diagram 1llustrating a modification of the
clock synchronization circuit of FIG. 1 according to an
embodiment of the inventive concept;

FI1G. 3 1s a timing diagram 1llustrating an input clock signal
and an output clock signal according to an operational
example of the clock synchronization circuit of FIG. 2;

FIG. 4 1s a timing diagram 1llustrating an example of a
delay-locked control unit of FIG. 2;

FIG. 5 1s a flowchart for reference 1n describing an opera-
tional example of the clock synchronization circuit of FIG. 2;

FIG. 6 1s a block diagram 1llustrating another modification
of the clock synchronization circuit of FIG. 1 according to an
embodiment of the inventive concept;

FI1G. 7 1s a block diagram 1illustrating another modification
of the clock synchromization circuit of FI1G. 1 according to an
embodiment of the inventive concept;

FIGS. 8A and 8B are block diagrams illustrating other
modifications of the clock synchronization circuit of FIG. 1
according to an embodiment of the inventive concept;

FI1G. 9 15 a block diagram illustrating another modification
of the clock synchromization circuit of FI1G. 1 according to an
embodiment of the inventive concept;
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FIG. 10 1s a flowchart 1llustrating for reference in describ-
ing an operational example of the clock synchronization cir-

cuit of FIG. 9;

FIG. 11 1s a block diagram 1llustrating another modifica-
tion of the clock synchronization circuit of FIG. 1 according
to an embodiment of the inventive concept;

FIG. 12 1s a block diagram illustrating a semiconductor
device according to an embodiment of the inventive concept
according to an embodiment of the mnventive concept;

FIG. 13 1s a timing diagram 1llustrating an operational
example of a clock synchronization circuit of the semicon-
ductor device of FIG. 12;

FIG. 14A 1s a block diagram illustrating a case where an
output clock signal of a clock synchronization circuit 1s a data
strobe signal of a semiconductor memory device, according
to an embodiment of the inventive concept;

FIG. 14B 1s a ttiming diagram 1illustrating an operational
example of the semiconductor memory device of FIG. 14A;

FIGS. 15A and 15B are block diagrams examples where
the clock synchronization circuit 1s applied to a memory
device;

FIG. 16 1s a block diagram illustrating a memory device
according to an embodiment of the inventive concept;

FIG. 17 1s a diagram 1llustrating an example of a memory
system to which the semiconductor memory device of FIG.
16 15 applied; and

FIG. 18 1s a block diagram 1llustrating a computing system
on which a memory system i1s mounted, according to an
embodiment of the mnventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The mventive concept will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments of the inventive concept are shown.
It should be understood, however, that there 1s no intent to
limit exemplary embodiments of the inventive concept to the
particular forms disclosed, but conversely, exemplary
embodiments of the inventive concept are to cover all modi-
fications, equivalents, and alternatives falling within the spirit
and scope of the inventive concept. Like reference numerals
denote like elements in the drawings. In the attached draw-
ings, sizes of structures are exaggerated for clarity.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.
Expressions such as “at least one of,” when preceding a list of
clements, modity the entire list of elements and do not modity
the individual elements of the list.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of exemplary embodiments of the inventive concept.
As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises”, “comprising,”’, “includes™ and/or
“including”, when used herein, specily the presence of stated
features, integers, steps, operations, elements, components,
and/or groups thereot, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which exemplary embodiments belong. It will be further
understood that terms, such as those defined 1n commonly

used dictionaries, should be interpreted as having a meaning
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that 1s consistent with their meaning in the context of the
relevant art and will not be mnterpreted 1n an idealized or
overly formal sense unless expressly so defined herein.

FIG. 1 1s a block diagram 1llustrating a clock synchroniza-
tion circuit 100 according to embodiments of the mventive
concept. Generally, the clock synchromization circuit 100
operates to recerve an input clock signal CLK_IN and gener-
ate an output clock signal CLK_OUT that 1s synchronized
with the input clock signal CLK_IN. Referring to FI1G. 1, the

clock synchronization circuit 100 includes a delay-locked
loop (DLL) 110 and a delay-locked control unit 120.

The DLL 110 generates the output clock signal CLK_OUT

by delaying the input clock signal CLK_IN by a delay time.
The DLL 110 may perform a delay-locking operation to
obtain a locked state 1n which a phase difference between the
iput clock signal CLK_IN and the output clock signal
CLK_OUT 1s less than a predetermined value. Here, the
delay-locking operation refers to an operation of obtaining
the locked state by feeding back the generated output clock
signal CLK_OUT, comparing the output clock signal
CLK_OUT with the mput clock signal CLK_IN, and adjust-
ing the delay time based on a comparison result. The delay-
locking operation may also be referred to as a DLL updating
operation, and the two terms may be used interchangeably
herein.

The delay-locked control unit 120 determines a locked
state of the DLL 110, and finishes the delay-locking operation
of the DLL 110 when the locked state 1s maintained for a
predetermined period of time or more. Furthermore, an
operation of the delay-locked control unit 120 may also be
finished. Since the delay-locking operation 1s finished, the
DLL 110 maintains the delay time that 1s set before the
delay-locking operation 1s finished. The predetermined
period of time that 1s a period of time for which an environ-
ment where the output clock signal CLK_OUT 1s used 1s
expected to be sulficiently stable may be set based on an
external setting signal or the phase difference between the
input clock signal CLK_IN and the output clock signal
CLK_OUT 1n the locked state. The predetermined period of
time may vary according to a specific environment, for
example, a voltage and a temperature, 1n order to stabilize an
operation of the DLL 110. For example, the predetermined
pertod of time may be set to be a time tCLK of tens to
hundreds of cycles of the input clock signal CLK_IN.

As described above, the clock synchromization circuit 100
of FIG. 1 finishes the delay-locking operation when the
locked state of the DLL 110 1s maintained for the predeter-
mined period of time or more. In an environment where the
locked state 1s maintained for a sufficient period of time, the
possibility that the input clock signal CLK_IN or the output
clock signal CLK_OUT 1s suddenly changed is low. When the
delay-locking operation 1s continuously performed 1n this
environment, current 1s unnecessarily consumed. In this case,
current consumption may be reduced by finishing the delay-
locking operation. The clock synchronization circuit 100 of
FIG. 1 will now be explained in detail.

FIG. 2 1s a block diagram 1llustrating a clock synchroniza-
tion circuit 100q that 1s an example of a modification of the
clock synchronization circuit 100 of FIG. 1. FIG. 3 1s a timing
diagram 1llustrating an iput clock signal and an output clock
signal according to an operational example of the clock syn-
chronization circuit 100aq of FIG. 2. FIG. 4 1s a timing dia-
gram 1llustrating an operational example of the delay-locked
control unit 120q of FIG. 2.

Referring to FIG. 2, the clock synchronization circuit 1004
includes a DLL 110 and a delay-locked control unit 120a.
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The DLL 110 may include a phase detector 113, a delay
controller 112, and a delay line 111. The phase detector 113
may detect a phase difference by comparing the mput clock
signal CLK_IN and the output clock signal CLK_OUT, and
may provide the phase difference to the delay controller 112.
The phase difference may be output as an up-down signal
Up/Dn. For example, the phase difference may be a value
obtained after latching the mput clock signal CLK_IN at a
rising edge or a falling edge of the output clock signal
CLK_OUT. The value obtained aifter latching the input clock
signal CLK_IN at the rising edge of the output clock signal
CLK_OUT may depend whether a phase of the output clock
signal CLK_OUT 1s later (1in time) than a phase of the input
clock signal CLK_IN. For example, if the value 1s a first logic
level, for example, a logic high level, this may mean that a
phase of the output clock signal CLK_OUT 1s later than a
phase of the input clock signal CLK_IN, and the phase dii-
ference may be output as a down signal Dn for advancing the
phase of the output clock signal CLK_OUT. On the other
hand, for example, when the value has a second logic level,
for example, a logic low level, this may mean that the phase of
the output clock signal CLK_OUT 1s earlier than the phase of
the mput clock signal CLK_IN, and the phase difference may
be output as an up signal Up for retarding the phase of the
output clock signal CLK_OUT.

The delay controller 112 generates and outputs a delay
control signal CON_dly for adjusting a delay time of the
output clock signal CLK_OUT, 1n response to the up-down
signal Up/Dn that 1s output from the phase detection signal
113. The delay control signal CON_dly may be an n-bit code
signal. When the up signal Up 1s recerved from the phase
detector 113, a value of the delay control signal CON_dly
may be increased. When the down signal Dn 1s received from
the phase detector 113, the value of the delay control signal
CON_dly may be reduced. For example, assuming that the
delay control signal CON_dly 1s a 4-bit delay control code
signal, when a value of the delay control signal CON_dly 1s ‘0
0 0 0, the input clock signal CLK_IN may not be delayed at
all and may be output as the output clock signal CLK_OUT.
As the value of the delay control signal CON_dly 1s increased
mmanorderof ‘0001°,°0010°,°0011°,...,themputclock
signal CLK_IN may be set to be further delayed and output.
In this case, an 1mitial value may be an intermediate value such
as ‘01 10’°, and a value may be sequentially increased when-
ever the up signal Up 1s recerved from the phase detector 113
and may be sequentially reduced whenever the down signal
Dn 1s recerved from the phase detector 113.

Thedelay line 111 delays and outputs the input clock signal
CLK_IN. A clock signal output from the delay line 111 may
be the output clock signal CLK_OUT. In this case, a delay
time may be adjusted according to the delay control signal
CON_dly. For example, the delay time may be increased or
reduced according to a change 1n a value of the delay control
signal CON_dly. As described above, the delay control signal
CON_dly may be an n-bit code signal, and a delay time may
be increased as the code value 1s increased and may be
reduced as the code value 1s reduced.

As shown i FIG. 2, the phase detector 113, the delay
controller 112, and the delay line 111 may form a feedback
circuit, and may lock the mput clock signal CLK_IN and the
output clock signal CLK_OUT by feeding back the output
clock signal CLK_OUT and adjusting a delay time according
to a result ol comparison between the input clock signal

CLK_IN and the output clock signal CLK_OUT. Referring to
FIG. 3, the output clock signal CLK_OUT 1n an unlocked
state may be later than the mput clock signal CLK_IN, and 1n
this case, a delay Dint may occur due to an internal factor, for
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example, a load of the output clock signal CLK_OUT, of the
clock synchronization circuit 100a or an integrated circuit
(not shown) using the clock synchronization circuit 100a.
The DLL 110 may lock the iput clock signal CLK_IN and
the output clock signal CLK_OUT by performing a delay-

locking operation. The DLL 110 may synchronize the output
clock signal CLK_OUT with the input clock signal CLK_IN

by further delaying the output clock signal CLK_OUT. In this
case, a delay time Ddll that 1s generated due to the DLL 110
may be within one cycle 1 tCLK, and thus the output clock
signal CLK_OUT may be delayed by one cycle 1 tCLK from
the mnput clock signal CLK_IN so that the mnput clock signal
CLK_IN and the output clock signal CLK_OUT may be
synchronized with each other.

Referring back to FIG. 2, the delay-locked control unit
120a includes a locked detector 122a and a counter 121. The
delay-locked control unit 120a determines a locked state of
the DLL 110, and finishes the delay-locking operation of the
DLL 110 when the locked state 1s maintained for a predeter-
mined period of time or more.

The locked detector 122a determines whether the DLL 110
1s locked and outputs a delay-locked signal DLS. The locked
detector 122a may receive the up-down signal Up/Dn, and
may determine whether the DLL 110 1s locked based on the
number of repetitions of the up signal Up or the down si1gnal
Dn of the up-down signal Up/Dn. For example, when the up
signal Up or the down signal Dn 1s not continuously repeated
a predetermined number of times or more, the locked detector
122a may determine that the DLL 110 1s locked and may
output the delay-locked signal DLS having a first logic level,
for example, a logic ligh level. By contrast, when the up
signal Up or the down signal Dn 1s continuously repeated the
predetermined number of times or more, the locked detector
122a may determine that the DLL 110 1s not locked and may
output the delay-locked signal DLS having a second logic
level, for example, a logic low level.

The counter 121 counts a time for which the locked state 1s
maintained based on the delay-locked signal DLS to obtain a
counting value, and when the counting value 1s greater than a
predetermined value, that 1s, when the locked state 1s main-
tained for a predetermined period of time, outputs a delay-
locked disable signal Disable. For example, when the delay-
locked signal DLS has the first logic level, the counter 121
may count the input clock signal CLK_IN, and when the
counting value 1s equal to or greater than the predetermined
value, may output the delay-locked disable signal Disable. In
this case, when the delay-locked signal DLS has the second
logic level, the counter 121 may be reset.

A more detailed explanation will be made as follows with
reference to FI1G. 4. When the mput clock signal CLK_IN 1s
applied as shown 1n FIG. 4 and the delay-locked signal DLS
output from the locked detector 122a has a first logic level, for
example, a logic high level, the counter 121 may count the
input clock signal CLK_IN. As shown 1n FIG. 4, a value may
be counted at every rising edge (or every falling edge) of the
input clock signal CLK_IN. In this case, when the delay-
locked signal DLS has a second logic level, for example, a
logic low level, the counter 121 1s reset and 1s stopped a
counting operation. When the delay-locked signal DLS
returns to a logic high level, the counter 121 may resume the
counting operation. When the delay-locked signal DLS 1s
maintained at the logic high level and a counting value 1s
equal to or greater than a predetermined value, for example,
300, the counter 121 may output the delay-locked disable
signal Disable having a first logic level. The delay-locked
disable signal Disable may be applied to the DLL 110, to
finish a DLL updating operation. Betfore the delay-locked
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disable signal Disable 1s output, for example, when the delay-
locked disable signal Disable has a logic low level as shown
in FIG. 4, the DLL updating operation may be continuously
performed. When the delay-locked disable signal Disable 1s
generated, that 1s, when the delay-locked disable signal Dis-
able has a first logic level, the DLL updating operation may be
fimished. When the delay-locked disable signal Disable is
received, operations of the phase detector 113 and the delay
controller 112 of the DLL 110 are stopped, and a delay time
of the delay line 111 before the delay-locking operation 1s
finished, that 1s, before the DLL updating operation 1s {in-
ished, 1s maintained. Furthermore, when the delay-locked
disable signal Disable 1s output, operations of the locked
detector 122a and the counter 121 of the delay-locked control
umt 120 may be stopped. Accordingly, operations of elements
ol the clock synchronization circuit 100a other than the delay
line 111 may be stopped, thereby reducing current consump-
tion.

FIG. 5 1s a flowchart 1llustrating an operational example of
the clock synchronization circuit 100q of FIG. 2.

Referring to FIG. 5, in operation S110, a DLL updating
operation of updating the DLL 110 1s started. Next, in opera-
tion S120, 1t 1s determined whether the DLL. 110 1s locked. As
described with reference to FIG. 2, the locked detector 122a
may determine whether the DLL 110 1s locked and may
output the delay-locked signal DLS. In this case, when the
locked detector 122a determines that the DLL 110 1s not
locked 1n operation S120, the DLL updating operation and an
operation of determining whether the DLL 110 1s locked are
repeatedly performed.

When the locked detector 122a determines that the DLL
110 1s locked 1n operation S120, the operation proceeds to
operation S130. In operation S130, 1t 1s determined whether a
locked state 1s maintained for a predetermined period of time.
For example, the counter 121 may perform a counting opera-
tion when the delay-locked signal DLS output from the
locked detector 122a has a first logic level and the counter 121
1s reset when the delay-locked signal DLS output from the
locked detector 122a has a second logic level, in order to
determine whether the locked state 1s maintained for the
predetermined period of time. When 1t 1s determined that the
locked state 1s not maintained for the predetermined period of
time 1n operation S130, the DLL updating operation and the
operation of determining whether the DLL 110 1s locked are
repeatedly performed. When it 1s determined that the locked
state 1s maintained for the predetermined period of time 1n
operation S130, the DLL updating operation 1s stopped. For
example, when a counting value of the counter 121 1s equal to
or greater than a predetermined value, the counter 121 may
output the delay-locked disable signal Disable, the DLL
updating operation, that 1s, the delay-locking operation, may
be finished 1n response to the delay-locked disable signal
Disable, and an operation of the delay-locked control unit
120a may also be finished.

Operation S110 1 which an overall operation of the clock
synchronization circuit 100a, or the DLL updating operation
1s started may be performed whenever an operational state (or
an operation mode) of a semiconductor device to which the
lock synchronization circuit 100a 1s applied 1s changed. For
example, an operational state of a dynamic random-access
memory (DRAM) device including the lock synchromization
circuit 100a may be divided into an idle state, an active-
precharge state, a power-down state, or etc. When the opera-
tional state 1s changed, the DLL updating operation 1s neces-
sary according to a change 1n a delay time. Accordingly, even
aiter the DLL updating operation 1s fimished, when the opera-
tional state of the DRAM device 1s changed, the clock syn-
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chronization circuit 100q may lock the DLL 110 by resuming
the DLL updating operation. Operations S120 and S130 in
which it 1s determined whether the locked state 1s maintained
for the predetermined period of time and operation S140 1n
which, the DLL updating operation 1s fimshed may be per-
tormed selectively or during the entire operation according to
the operational state of the DRAM device.

FIG. 6 1s a block diagram 1llustrating a clock synchroniza-
tion circuit 1005 that 1s an example of another modification of
the clock synchronization circuit 100 of FIG. 1 or the clock
synchronization circuit 100q of FIG. 2.

Referring to FIG. 6, the clock synchronization circuit 1005
may include the DLL 110 and a delay-locked control unit
12056, the DLL 110 may include the delay line 111, the delay
controller 112, and the phase detector 113, and the delay-
locked control unit 12056 may include a locked detector 1225
and a counter 121. Elements and an operation of the clock
synchronization circuit 10056 of FIG. 6 are similar to those of
the clock synchronization circuit 100aq of FI1G. 2, except for an
operation of the locked detector 12256. The locked detector
122a of FIG. 2 determines whether the DLL 110 1s locked
based on the up-down signal Up/Dn that i1s output from the
phase detector 113. However, the locked detector 1226 of
FIG. 6 may determine whether the DLL 110 1s locked by
receiving the mput clock signal CLK_IN and the output clock
signal CLK_OUT and comparing the input clock signal
CLK_IN with the output clock signal CLK_OUT. The locked
detector 1226 may determine that the DLL 110 1s locked
when a phase difference between the input clock signal
CLK_IN and the output clock signal CLK_OUT 1s equal to or
less than a preset critical value. Operations of other elements
and an operation of the clock synchronization circuit 1005 are
the same as those described with reterence to FIG. 2, and thus
a repeated explanation thereof will not be given.

FI1G. 7 1s a block diagram 1llustrating a clock synchroniza-
tion circuit 100¢ that 1s another example of a modification of
the clock synchronization circuit 100 of FIG. 1 or the clock
synchronization circuit 100q of FIG. 2.

Referring to FIG. 7, the clock synchronization circuit 100c¢
may include the DLL 110 and a delay-locked control unit
120c, the DLL 110 may include the delay line 111, the delay
controller 112, and the phase detector 113, and the delay-
locked control unit 120¢ may include a locked detector 122¢
and the counter 121. Flements and an operation of the clock
synchronization circuit 110c¢ of FIG. 7 are similar to those of
the clock synchronization circuit 1006 of FI1G. 6, except for an
operation of the locked detector 122¢. The locked detector
122¢ of F1G. 7 may determine whether the DLL 110 1s locked
based on the delay control signal CON_dly that 1s generated
by the delay controller 112. The locked detector 122¢ may
determine whether the DLL 110 1s locked according to a
direction 1 which a data value of the delay control signal
CON_dly 1s changed. For example, when the data value of the
delay control signal CON_dly 1s increased or reduced and
thus a change 1n a delay time 1s continuously required, the
locked detector 122¢ may determine that the DLL 110 1s not
locked. When the data value of the delay control signal
CON_dly 1s repeatedly increased and reduced or there 1s no
change 1n the data value of the delay control signal CON_dly
and thus a change 1n the delay time 1s not required due to a low
phase diflerence between the input clock signal CLK_IN and
the output clock signal CLK_OUT, the locked detector 122¢
may determine that the DLL 110 1s locked. The locked detec-
tor 122¢ of FIG. 7 may determine whether the DLL 110 1s
locked based on the delay control signal CON_dly as
described above. Operations of other elements and an opera-
tion of the clock synchronization circuit are the same as those
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described with reference to FIG. 2, and thus a repeated expla-
nation thereof will not be given.

FIGS. 8A and 8B are block diagrams illustrating clock
synchronization circuits 1004 and 1004" that are other
examples of modifications of the clock synchronization cir-
cuit 100 of FIG. 1. Referring to FIGS. 8A and 8B, first
through fourth clock buffers 114, 115, 116, and 117, and first
and second clock buffers 118, and 119 are provided and when
locked states of DLLs 1104 and 1104" are maintained for a
predetermined period of time or more, a delay-locking opera-
tion may be finished by finishing an operation of at least one
ol the first through fourth clock butiers 114,115,116, and 117
and the first and second clock buffers 118, and 119 that are
used for buifering.

Retferring to FIG. 8A, the clock synchronization circuit
1004 1ncludes the DLL 1104 and a delay-locked control unit

1204.

The DLL 1104 may include the delay controller 112, the
phase detector 113, and the first through fourth clock butfers
114,115, 116, and 117, may generate the output clock signal
CLK_OUT by delaying the input clock signal CLK_IN, and
may lock the mnput clock signal CLK_IN and the output clock
signal CLK_OUT by performing a delay-locking operation.

An operation of the DLL 1104 1s similar to that of the DLL
110 described with reference to FIG. 2. As described with
reference to FIG. 2, the DLL 1104 generates the output clock
signal CLK_OUT by delaying the mput clock signal
CLK_IN, and locks the input clock signal CLK_IN and the
output clock signal CLK_OUT by performing the delay-
locking operation. When the delay-locked disable signal Dis-
able 1s applied from the delay-locked control unit 1204, the

delay-locking operation is finished.
However, the DLL 1104 of FIG. 8 A may further include the

first clock buffer 114 and the second clock buffer 115 that
buifer the mput clock signal CLK_IN and the third clock
buifer 116 and the fourth clock buffer 117 that bufier an
output of the delay line 111, that 1s, the delay clock signal
CLK_dly, and may operate by using a first clock signal CLK1
and a second clock signal CLLK2 that are generated by buil-
ering the mput clock signal CLK_IN and a third clock signal
CLK3 that 1s generated by buflering the delay clock signal
CLK_dly. In this case, 1t may be assumed that the third clock
buffer 116 and the fourth clock buffer 117 have the same
phase delay characteristics. Accordingly, the output clock
signal CLK_OUT and the third clock signal CLLK3 may have
substantially the same phase. When the delay-locked disable
signal Disable 1s recerved from the delay-locked control unit
1204, operations of the first clock bufier 114 and the third
clock bufier 116 may be fimshed, and thus the first clock
signal CLLK1 and the third clock signal CLK3 may not be
generated, thereby finishing the delay-locking operation
which will be explained 1n detail as follows.

The first clock butfer 114 generates the first clock signal
CLK1 by builering the input clock signal CLK_IN, and the
second clock butier 115 generates the second clock signal
CLK2 by buffering the imnput clock signal CLK_IN.

The first clock signal CLK1 may be applied to the delay
controller 112, and also to a counter 1214 of the delay-locked
control unit 1204. An operation of the first clock buffer 114
may be finished 1n response to the delay-locked disable signal
Disable. Accordingly, the first clock signal CLLK1 1s not gen-
erated.

The second clock signal CLLK2 may be applied to the delay
line 111. The delay line 111 may generate the delay clock
signal CLK_dly by delaying the second clock signal CLLK2.

The third clock butler 116 generates the third clock signal
CLK3 by buffering the delay clock signal CLK_dly that 1s
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output from the delay line 111, and the fourth clock 114
generates the output clock signal CLK_OUT by builering the
delay clock signal CLK_dly. As described above, the third
clock buifer 116 and the fourth clock butfer 117 may have the
same phase characteristics or may be the same butler. Accord-
ingly, the third clock signal CI1LK3 and the output clock signal
CLK_OUT may have the same phase.

The third clock signal CLLK3 may be applied to the phase
detector 113. An operation of the third clock butfer 116 may
be finished 1n response to the delay-locked disable signal
Disable. Accordingly, the third clock signal CLK3 1s not
generated.

The phase detector 113 detects a phase difference between
the third clock signal CLK3 and the mput clock signal
CLK_IN and generates the up-down signal Up/Dn as a result
ol the detection.

The delay controller 112 generates the delay control signal
CON_dly for adjusting a delay time of the delay line 111
according to the up-down signal Up/Dn. In this case, the delay
controller 112 may operate based on the first clock signal
CLK1. For example, when the delay control signal CON_dly
1s changed, a data value of the delay control signal CON_dly
may be output at a rising edge or a falling edge of the first
clock signal CLK1.

The delay line 111 may generate the delay clock signal
CLK_dly by delaying the second clock signal CLLK2, and 1n
this case, the delay time may be adjusted in response to the
delay control signal CON_dly.

The delay-locked control unit 1204 includes a locked
detector 1224 and the counter 1214, determines a locked state
of the DLL 1104, and finishes the delay-locking operation of
the DLL 1104 when the locked state 1s maintained for a
predetermined period of time or more.

The locked detector 1224 determines whether the DLL
1104 1s locked and outputs the delay-locked signal DLS. The
locked detector 1224 may receive the up-down signal Up/Dn
from the phase detector 113, and may determine whether the
DLL 1104 1s locked based on the number of repetitions of the
up signal Up or the down signal Dn of the up-down signal
Up/Dn. For example, when the up signal Up or the down
signal Dn 1s not repeated a predetermined number of times or
more, the locked detector 1224 may determine that the DLL
1104 1s locked and may output the delay-locked signal DLS
having a first logic level, for example, a logic high level. By
contrast, when the up signal Up or the down signal Dn 1s
repeated the predetermined number of times or more, the
locked detector 1224 may determine that the DLL 1104 1s not
locked and may output the delay-locked signal DLS having a
second logic level, for example, a logic low level.

The counter 1214 may recerve the first clock signal CLK1
trom the first clock buffer 114 and may operate in response to
the delay-locked signal DLS and a state change signal ST. The
counter 1214 outputs the delay-locked disable signal Disable
when the locked state of the DLL 1104 1s delayed by a
predetermined period of time or more. When the delay-
locked signal DLS has a first logic level, the counter 121d
may count the first clock signal CLK1 and may determine a
time for which the locked state of the DLL 1104 1s maintained
according to a counting value. When the delay-locked signal
DLS has a second logic level, the counter 121 may be reset to
stop a counting operation, and then, when the delay-locked
signal DLS returns to a first logic level, the counter 121 may
resume the counting operation. When the counting value 1s
equal to or greater than a predetermined value, that 1s, when
the locked state 1s maintained for the predetermined period of
time, the counter 1214 outputs the delay-locked disable signal

Disable.
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As described above, operations of the first clock butfer 114
and the third clock buttfer CLK3 are finished in response to the
delay-locked disable signal Disable. Accordingly, when the

delay-locked disable signal Disable 1s generated, the first
clock signal CLLK1 and the third clock signal CLLK3 are not

generated. When the first clock signal CLK1 and the third
clock signal CLLK3 are not generated, operations of the detec-
tor 1224 of the counter 1214 and the delay controller 112
using the first clock signal CLK1 are stopped and an operation
ol the phase detector 113 using the third clock signal CLLK3 1s
stopped, thereby reducing current consumption.

In this case, since a value of the delay control signal
CON_dly that 1s output from the delay controller 112 1is
maintained, the delay control signal CON_dly 1s applied to
the delay line 111, and the delay line 111 operates based on
the second clock signal CLK2, the output clock signal
CLK_OUT 1s generated 1n a state where an existing delay
time 1s maintained.

When the state change signal ST 1s applied from an exter-
nal device, for example, a system control unit (not shown), the
counter 1214 1s reset. As the counter 1214 1s reset, the gen-
cration of the delay-locked disable signal Disable 1s stopped.
When the generation of the delay-locked disable signal Dis-
able 1s stopped, 1t means that the delay-locked disable signal
Disable has a second logic level, for example, a logic low
level. Accordingly, the first clock builer 114 may operate to
generate the first clock signal CLK1, the DLL 1104 may
perform the delay-locking operation, and the delay-locked
detector 1204 may also operate.

FIG. 8B 1s a modification of FIG. 8A. In FIG. 8B, like in
FIG. 8A, the first and second clock buffers 118 and 119 are
provided, and an operation of at least one of the first and
second clock buifers 118 and 119 1s finished when a locked
state 15 maintained for a predetermined period of time, to
finish a delay-locking operation.

Referring to FIG. 8B, the lock synchronization circuit
1004" includes a DLL 1104' and a delay-locked control unit

1204,

The DLL 1104" may include the delay line 111, the delay
controller 112, the phase detector 113, and the first and sec-
ond clock buifers 118 and 119, may generate the output clock
signal CLK_OUT by delaying the mput clock signal
CLK_IN, and may lock the input clock signal CLK_IN and
the output clock signal CLK_OUT by performing a delay-
locking operation.

The delay-locked control unit 1204" includes the locked
detector 1224 and the counter 1214, determines a locked state
of the DLL 1104', and finishes the delay-locking operation of
the DLL 1104" when the locked state 1s maintained for a
predetermined period of time or more.

Operations of the DLL 1104' and the delay-locked control
umt 1204' are similar to those of the DLL 1104 and the
delay-locked control unit 1204 of FIG. 8A. In FIG. 8A, the
input clock signal CLK_IN 1s butfered by the first and second
clock butffers 114 and 115, and the output first and second
clock signals CLK1 and CLLK2 are used to operate the clock
synchronization circuit 1004. However, in the DLL 1104" of
FIG. 8B, the input clock signal CLK_IN 1s applied to the
delay line 111 without being bufiered, and the delay clock
signal CLK _dly that 1s delayed by and output from the delay
line 111 1s buffered and used. As shown in FIG. 8B, the first
clock buffer 118 and the second clock butfer 119 respectively
output the first clock signal CLLK1 and the output clock signal
CLK_OUT by buifering the delay clock signal CLK_dly. In
this case, the first clock butfer 118 and the second clock bufter
119 may have the same phase characteristics or may be the
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same buffer. Accordingly, the first clock signal CLLK1 and the
output clock signal CLK_OUT may have substantially the
same phase.

The first clock signal CLLK1 1s applied to the phase detector
113, the delay controller 112, and the counter 121d. Accord-
ingly, the first clock signal CLLK1 may be used for a phase
detection operation and a delay control operation of the DLL
1104", and may be used for a locked state determination
operation of the delay-locked control unit 1204".

When the delay-locked disable signal Disabled is received
from the delay-locked control unit 1204", an operation of the
first clock butler 118 1s finished, and thus the first clock signal
CLK1 1s not generated. Accordingly, operations of the delay
phase detector 113, the control unit 112, the counter 1214,
and the locked detector 122d using the first clock signal
CLK1 are stopped, and an operation of the phase detector 113
using the third clock signal CLLK3 1s stopped, thereby reduc-
ing current consumption. The clock synchromzation circuit
1004" of the present embodiment may stop the delay-locking
operation by separating a reference clock signal used by the
delay line 111 and the other circuits 112,113,1204, and 1204
and stopping the generation of the reference clock signal, for
example, the first clock signal CLK1 and the third clock
signal CLLK3, used by the other circuits 112, 113, 1204, and
1204" when the delay disable signal Disable 1s generated.

In the present embodiment, the clock buffers 114, 115,116,
117, 118, and 119 are used 1n order to separate a reference
clock signal used by the circuits 111, 112, 113, 1214, and
1224 and selectively finish the generation of the reference
clock signal. However, the present embodiment 1s not limited
thereto. Instead of the clock buftfers 114, 115, 116, 117, 118,
and 119, other units such as a switch signal, a transmission
gate signal, or etc that may transmit an input signal and may

be turned on/oil in response to a control signal may be used.
Also, although the locked detectors 1224 and 1224 deter-

mine whether the DLL 1104 and the DLL 1104 are locked
based on the up-down signal Up/Dn that i1s output from the
phase detector 113, the present embodiment 1s not limited
thereto, and whether the DLL 1104 and the DLL 1104' are
locked may be determined by directly comparing clock sig-
nals or based on the delay control signal CON_dly as
described with reference to FIGS. 5 and 6.

FIG. 9 1s a block diagram 1llustrating a clock synchroniza-
tion circuit 100e that 1s a modification of the clock synchro-
nization circuit 100 of FIG. 1.

Referring to FIG. 9, the clock synchronization circuit 100e
includes the DLL 110 and a delay-locked control umt 120e.
An operation of the DLL 110 1s substantially the same as that
ofthe DLL 110 o1 FIG. 2, and thus an explanation thereof will
not be repeated.

In FI1G. 9, when a predetermined period of time passes after
the clock synchronization circuit 100e starts to operate, that
1s, after the DLL 110 starts to be updated, the locked control
unit 120e may determine whether the DLL 110 1s locked and
may generate the delay-locked disable signal Disable. To this
end, the locked control unit 120e may include a counter 121e,
a locked detector 122¢, and a logic gate 123.

The locked detector 122¢ determines whether the DLL 110
1s locked and outputs the delay-locked signal DLS. In this
case, the locked detector 122¢ may determine whether the
DLL 110 1s locked based on the up-down signal Up/ Dn that 1s
applied from the phase detector 113 as shown i FIG. 9.
Alternatively, the locked detector 122¢ may determine
whether the DLL 110 1s locked by directly comparing the
input clock signal CLK_IN and the output clock signal
CLK_OUT or based on a change 1n a data value of the delay
control signal CON_dly.

5

10

15

20

25

30

35

40

45

50

55

60

65

14

The counter 121e¢ may count the input clock signal
CLK_IN to obtain a counting value, and when the counting
value 1s equal to or greater than a predetermined value, for
example, when a preset value, the counter 121e may generate
a counting signal CNT.

The logic gate 123 generates the delay-locked disable sig-
nal Disable based on the counting signal CNT and the delay-
locked signal DLS. For example, when the counting signal
CNT and the delay-locked signal DLS have a first logic level,
for example, a logic high level, the logic gate 123 may gen-
crate the delay-locked disable signal Disable having a first
logic level. Although the logic gate 128 1s an AND gate 1n
FIG. 9, the present embodiment 1s not limited thereto. The
logic gate 128 may be modified in various ways 1n consider-
ation of logic levels of the counting signal CNT and the
delay-locked signal DLS according to operations of the
counter 121¢ and the locked detector 122e.

For example, a more detailed explanation will be made as
tollows. When the counter 121e 1s set to count 300 cycles 300
tCLK of the input clock signal CLK_IN and then to generate
the counting signal CNT, the delay-locked disable signal
Disable may be generated according to whether the DLL 110
1s locked when a time of the 300 cycles passes aiter the clock
synchronization circuit 100e starts to operate. When the DLL
110 1s locked at a point of time when the time of the 300 cycles
passes, the delay-locked disable signal Disable may be gen-
crated, to finish a delay-locking operation, that 1s, a DLL
updating operation. When the DLL 110 1s not locked at the
point of time when the time of the 300 cycles passes, the DLL
110 continuously performs the delay-locking operation, and
thus when the DLL 110 1s locked, the delay-locking operation
1s finished.

As described above, the clock synchronization circuit 100e
of FIG. 9 may perform the delay-locking operation, that is,
the DLL updating operation until a predetermined period of
time passes after an operation starts, and may stop the delay-
locking operation when the DLL 110 1s locked after the
predetermined period of time.

FIG. 10 1s a flowchart 1llustrating an operational example
ol the clock synchromization circuit 100e of FIG. 9. Referring
to FIG. 10, in operation S210, the DLL 110 starts a DLL
updating operation. Next, in operation S220, the DLL updat-
ing operation 1s performed for a predetermined period of
time. The DLL updating operation may be performed irre-
spective of whether the DLL 110 1s locked until a counting
value of the counter 121e 1s equal to or greater than a prede-
termined value.

In operation S230, 1t 1s determined whether the DL 110 1s
locked after the predetermined period of time. As described
with reference to FIG. 9, the locked detector 122¢ may deter-
mine whether the DLL 110 1s locked and may output a result
of the determination as the delay-locked signal DLS. In this
case, when 1t 1s determined that the DLL 110 1s not locked 1n
operation S230, the DLL updating operation and an operation
of determining whether the DLL 110 1s locked are repeatedly
performed.

When 1t 1s determined that the DLL 110 1s locked 1n opera-
tion S230, the operation proceeds to operation S240. In
operation S240, the DLL updating operation 1s stopped. For
example, when the counter 121e outputs the counting signal
CNT having a first logic level after the predetermined period
of time and the locked detector 122e outputs the delay-locked
signal DLS having a first logic level because the DLL 110 1s
locked, the logic gate 123 may output the delay-locked dis-
able signal Disable. The DLL updating operation, that 1s, a
delay-locking operation, may be finished in response to the
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delay-locked disable signal Disable, and an operation of the
delay-locked control unit 120e may also be finished.

Operation S210 in which an overall operation of the clock
synchronmization circuit 100e or the DLL updating operation
1s started may be performed whenever an operational state (or
an operation mode) of a semiconductor device to which the
clock synchronization circuit 100e 1s applied 1s changed. For
example, an operational state of a DRAM device including
the clock synchromization circuit 100e may be divided into an
idle state, an active-precharge state, a power-down state, or
ctc. When the operational state 1s changed, the DLL updating
operation 1s necessary according to a change 1n a delay time.
Accordingly, when the operational state of the DRAM device
1s changed even after the DLL updating operation 1s finished,
the clock synchronization circuit 100e may lock the DLL 110
by resuming the DLL updating operation. Next, operation
5220 1n which the DLL updating operation 1s performed for a
predetermined period of time, operation S230 1n which it 1s
determined whether the DLL 110 1s locked, and operation
S240 1n which the DLL updating operation 1s finished may be
selectively or during the entire operation according to the
operational state of the DRAM device.

FIG. 11 1s a block diagram illustrating a clock synchroni-
zation circuit 1007 that 1s another modification of the clock
synchronization circuit 100 of FIG. 1 or the clock synchro-
nization circuit 100e of FIG. 9.

Elements of the clock synchronization circuit 100/ of FIG.
11 are similar to those of the clock synchronization circuit
100e of FIG. 9.

However, 1n FIG. 11, a mode setting signal MS may be
applied to a counter 121/, and the counter 121/ may operate 1n
a first mode or a second mode. The delay-locked signal DLS
may be applied to not only the logic gate 123 but also the
counter 121/.

The clock synchromization circuit 100f may selectively
operate like the clock synchronization circuit 100q of FIG. 2
or the clock synchronization circuit 100e of FIG. 9 according
to the mode setting signal MS that 1s applied to the counter
121/

The counter 121/ may count the iput clock signal
CLK_IN to obtain a counting value, and when the counting
value 1s equal to or greater than a predetermined value, the
counter 121/ may generate the counting signal CNT. In this
case, 1n response to the mode setting signal MS, when the
counter 1211 operates 1n the first mode, the counter 121/ may
operate 1irrespective of the delay-locked signal DLS and when
the counter 121/ operates 1n the second mode, the counter
121/ may be reset in response to the delay-locked signal DLS.

Accordingly, 1n the first mode, a delay-locked control unit
120/ may determine whether the DLL 110 1s locked when a
predetermined period of time after the clock synchromization
circuit 100/ starts to operate, and may generate the delay-
locked disable signal Disable. In the second mode, since the
counter 121/ may be reset in response to the delay-locked
signal DLS even after the counter 121/ starts to perform a
counting operation, and thus the counter 121/ may generate
the counting signal CN'T only when a locked state of the DLL
110 1s maintained for a predetermined period of time, the
delay-locked control unit 120/ generates the delay-locked
disable signal Disable after the locked state 1s maintained for
the predetermined period of time.

The clock synchromization circuit 100/ may operate under
a variety of different environment conditions. For example,
the clock synchronization circuit 100 may operate 1 an
environment where a change in a voltage and a temperature 1s
large, and may also operate in an environment where a change
in a voltage and a temperature 1s small. In the environment
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where the change 1n the voltage and the temperature 1s small,
the possibility that a phase of the output clock signal
CLK_OUT 1s changed after the DLL 110 1s locked 1s rela-
tively low. Accordingly, the clock synchronization circuit
100/ may be set to operate the counter 121/ 1n the first mode,
to determine whether the DLL 110 1s locked when a prede-
termined period of time passes aiter the clock synchroniza-
tion circuit 1007 starts to operate, and to finish a delay-locking,
operation when the DLL 110 1s locked. Alternatively, in the
environment where the change 1n the voltage and the tem-
perature 1s large, the clock synchronization circuit 100/ may
be set to operate the counter 121/1n the second mode and to
finish the delay-locking operation when a locked state of the
DLL 110 1s maintained for a predetermined period of time,
thereby providing suificient time to stabilize the output clock
signal CLK_OUT.

FIG. 12 1s a block diagram illustrating a semiconductor
device 1000 according to an embodiment of the inventive
concept.

Referring to FI1G. 12, the semiconductor device 1000 may
include the clock synchronization circuit 100q and a data
output circuit 1100. The semiconductor device 1000 that 1s a
device for transmitting/recerving data in synchronization
with an external memory device may be a memory device or
a timing controller of a display driver. Although the clock
synchronization circuit 100q of FIG. 2 1s used in FIG. 12, the
present embodiment 1s not limited thereto. A clock synchro-
nization circuit included 1n the semiconductor device 1000
may be any one of the clock synchromization circuits 100,
100a, 1005, 110c, 1004, 1004', 100e, and 100/ according to
the embodiments of the inventive concept.

The clock synchronization circuit 100a outputs the output
clock signal CLK_OUT by delaying the mput clock signal
CLK_IN, and locks the input clock signal CLK_IN and the
output clock signal CLK_OUT by performing a delay-lock-
ing operation. The data output circuit 1100 may output data
DATA 1n the semiconductor device 1000 to the outside 1n
synchronization with the output clock signal CLK_OUT.

As described with reference to FIG. 2, the clock synchro-
nization circuit 100q finishes the delay-locking operation
when a locked state 1s maintained for a predetermined period
of time. Accordingly, the phase detector 113 and the delay
controller 112 of the DLL 110 may not operate, and an opera-
tion of the delay-locked control umit 120a may also be
stopped.

The clock synchronization circuit 100 may receive the
state change signal ST indicating a change in an operational
state of the semiconductor device 1000, and may be reset 1n
response to the state change signal S'T. For example, the state
change signal ST may be applied to the counter 121 and the
counter 121 may be reset. When a predetermined condition 1s
satisfied, for example, when a locked state of the DLL 110 1s
maintained for a predetermined period of time, the delay-
locked disable signal Disable may be generated to finish the
delay-locking operation, and when the counter 121 1s reset 1n
response to the state change signal ST, the delay-locking
operation may be resumed.

Accordingly, when an operational state of the semiconduc-
tor device 1000 1s changed even after the delay-locking opera-
tion 1s finished, the clock synchronization circuit 100 may
resume the delay-locking operation, that 1s, a DLL updating
operation.

FIG. 13 1s a timing diagram 1illustrating an operational
example of the clock synchronization circuit 100a of the
semiconductor device 1000 of FIG. 12.

Referring to FIG. 13, at a time t1, the state change signal ST
may be applied, and a DLL updating operation of the clock
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synchronization circuit 100a may be performed. When the
DLL 110 1s locked, the delay-locked signal DLS having a first
logic level 1s output from the locked detector 121a. When a
locked state 1s maintained for a predetermined period of time,
for example, for a time of 300 cycles 300 tCLK, the delay-
locked disable signal Disable may be generated from the
counter 121 at a time t2, to finish a delay-locking operation.

Next, when the state change signal ST 1s generated at a time
t3, the DLL updating operation may be performed. As shown
in FIG. 13, when an operational state of the semiconductor
device 1000 1s changed at times t3 and tS even aiter the
delay-locking operation of the clock synchronization circuit
100a 1s finished, the state change signal ST may be received
and the delay-locking operation may be performed.

Since an operational state of the semiconductor device
1000 such as a memory device 1s repeatedly changed, the
clock synchronization circuit 100a may have the same etlect
as that obtained by periodically performing a DLL updating
operation.

FIG. 14A 1s a block diagram illustrating a case where an
output clock signal of a clock synchronization circuitis a data
strobe signal, according to an embodiment of the inventive
concept. FIG. 14B 1s a timing diagram of the semiconductor
memory device of FIG. 14A.

Referring to FIG. 14A, a memory device 200 and a
memory controller 300 may operate based on an external
clock signal ECLK that 1s applied by an external device such
as a central processing unit. When the memory device 200
receives data DQ from the memory controller 300 or trans-
mits the data DQ to the memory controller 300, the memory
device 200 and the memory controller 300 may operate 1n
synchronization with a data strobe signal DQS that 1s a sepa-
rate clock signal generated based on the external clock signal
ECLK. The data strobe signal DQS that 1s an internal clock
signal generated by the memory device 200 or the memory
controller 300 based on the external clock signal ECLK may
not be synchronized with the external clock signal ECLK due
to a delay component D of an internal circuit as shown 1n FIG.
14B. Accordingly, the memory device 200 may include the
clock synchronization circuit 100, and may synchronize the
data strobe signal DQS with the external clock signal ECLK.
The data strobe signal DQS may be further delayed by the
delay time dly_DLL and may be synchronized with the exter-
nal clock signal ECLK. In this case, the external clock signal
ECLK may be the mput clock signal CLK_IN of the clock
synchronization circuit 100, and the data strobe signal DQS
may be the output clock signal CLK_OUT. When the data
strobe signal DQS 1s synchromized with the external clock
signal ECLK by the clock synchronization circuit 100, the
data DQ may be output or recerved at a rising edge or a falling
edge of the data strobe signal DQS.

FIGS. 15A and 15B are block diagrams illustrating
examples where the clock synchronization circuit 100 1is
applied to the memory device 200.

The clock synchronization circuit 100 may be provided in
the memory device 200 as shown i FIG. 15A. The clock
synchronization circuit 100 may generate the data strobe
signal DQS, and the memory device 200 may transmit and
receive the data DQ to and from the memory controller 300
based on the data strobe signal DQS.

The clock synchromization circuit 100 may be provided in
a memory module 400 that includes the memory device 200
as shown 1n FIG. 15B. Although the memory module 400
includes only one memory device 200 in FIG. 15B, the
present embodiment 1s not limited thereto. The memory mod-
ule 400 may include a plurality of the memory devices 200.
The clock synchronization circuit 100 may generate the data
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strobe signal DQS used by the memory device 200 that 1s
included 1n the memory module 400.

FIG. 16 1s a block diagram illustrating a semiconductor
memory device according to an embodiment of the inventive
concept.

Referring to FIG. 16, the semiconductor memory device
may include the clock synchronization circuit 100, a memory
array 510, a row decoder 520, a column decoder 530, an
input/output circuit 340, an addressing circuit 350, and a
control circuit 560.

The memory array 510 may include a plurality of word
lines, a plurality of bit lines, and a plurality of memory cells
that are connected between the plurality of word lines and the
plurality of bit lines. Each of the plurality of memory cells
may be a volatile memory cell such as a dynamic random-
access memory (DRAM) or a synchronous dynamic random-
access memory (SDRAM).

Alternatively, each of the plurality of memory cells may be
a nonvolatile memory cell. Examples of nonvolatile memory
include a phase change RAM (PRAM), a nano tloating gate
memory (NFGM), amagnetic RAM (MRAM), a ferroelectric
RAM (FeRAM), a resistive RAM (RRAM), a nanotube
RRAM, a holographic memory, a molecular electronics
memory device, and an insulator resistance change memory.
Each nonvolatile memory cell may store a single bit or a
plurality of bats.

The row decoder 520 may select any one from among the
plurality of word lines by receiving a row address output from
the addressing circuit 550 and decoding the recerved row
address. The column decoder 530 may select any one from
among the plurality of bit lines by receiving a column address
output from the addressing circuit 550 and decoding the
recerved column address.

The mput/output circuit 540 may write data to at least one
memory cell selected by the row decoder 520 and the column
decoder 530. Also, the input/output circuit 340 may read the
data that 1s stored 1n the at least one memory cell selected by
the row decoder 520 and the column decoder 530.

The addressing circuit 350 may generate a row address and
a column address under the control of the control circuit 560.
The control circuit 560 may generate a plurality of operation
control signals for controlling an operation of the addressing
circuit 550 1n response to a plurality of control signals nec-
essary to perform a write operation or a read operation.

The clock synchronization circuit 100 may transmit an
internal clock signal ICLK that 1s synchronized with the
external clock signal ECLK to output drivers OD1 and OD?2.
Accordingly, the first output driver OD1 may transmit a data
signal DATA to a first pad DQ 1n response to the internal clock
signal ICLK. Accordingly, a data write operation or a data
read operation may be performed in synchronization with the
internal clock signal ICLK. Also, the second output driver
OD2 may transmit the internal clock signal ICLK to a second
pad DQS. The first pad DQ and the second pad DQS that are
pads of a semiconductor chip of the semiconductor memory
device may be arranged on the semiconductor chip as center
pads or edge pads.

FIG. 17 1s a diagram 1llustrating an example of memory
system 2000 to which the semiconductor memory device of
FIG. 16 may be applied.

Referring to FIG. 17, the memory system 2000 may
include a memory module 2100 and a memory controller
2200. The memory module 2100 may mount at least one
semiconductor memory device 2110 on a module board. The
semiconductor memory device 2110 may be a DRAM chip,
and each semiconductor memory device 2110 may include a
plurality of semiconductor layers. The semiconductor layers
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may include one or more master chips 2111 and one or more
slave chips 2112. A signal may be transmitted between the
semiconductor layers through a through silicon via (TSV).
The master chips 2111 and the slave chips 2112 may include
a memory array, a storage unit, and a refresh unit. Also, each
of the master chips 2111 and the slave chips 2112 includes the
clock synchronization circuit 100. The clock synchronization
circuit 100 may be any one according to the embodiments of
the inventive concept.

The memory module 2100 may communicate with the
memory controller 2200 via a system bus. Data DQ, a data

strobe signal DQS, a command/address CMD/ADD, and a

clock signal CLK may be transmitted/received between the
memory module 2100 and the memory controller 2200 via
the system bus.

FIG. 18 1s a block diagram 1llustrating an example com-
puting system 3000 1n which a semiconductor memory device
1s mounted, where the semiconductor memory device 1s con-
figured according to one or more previously described
embodiments of the inventive concepts.

The computing system 3000 of FIG. 18 includes a central

processing unit (CPU) 3100, the RAM 3200, a user interface
3300, and a nonvolatile memory 3400, and the central pro-
cessing unit (CPU) 3100, the RAM 3200, the user interface
3300, and the nonvolatile memory 3400 are electrically con-
nected to a bus 3500. The nonvolatile memory 3400 may be a
large storage device such as a solid state drive (SSD) or a hard
disk drive (HDD). As examples, the computing system 3000
may be a mobile device or a desktop computer.

The semiconductor memory device configured according,
to one or more previously described embodiments of the
inventive concepts may be mounted as the RAM 3200 and/or

the non-volatile memory 3400 in the computing system 3000
of FIG. 18.

While the mventive concept has been particularly shown
and described with reference to exemplary embodiments
thereol by using specific terms, the embodiments and terms
have merely been used to explain the inventive concept and
should not be construed as limiting the scope of the inventive
concept as defined by the claims. The exemplary embodi-
ments should be considered 1 a descriptive sense only and
not for purposes of limitation. Therefore, the scope of the
inventive concept 1s defined not by the detailed description of
the mventive concept but by the appended claims, and all
differences within the scope will be construed as being
included in the mventive concept.

What is claimed 1s:

1. A clock synchronization circuit comprising:

a delay-locked loop (DLL) configured to generate an out-
put clock signal by delaying an mnput clock signal by a
delay time, and to execute a delay-locking operation 1n
which the delay time 15 adjusted to a locked state accord-
ing to a comparison between the output clock signal and
the input clock signal; and

a delay-locked control unit configured to detect the locked
state of the DLL, and to generate a delay-locked disable
signal when the locked state 1s detected as being main-
tained for a predetermined period of time, wherein the
DLL 1s responsive to the delay-locked disable signal to
terminate the delay-locking operation in which the delay
time 1s adjusted,

wherein the delay-locked control unit 1s configured to gen-
erate the delay-locked disable signal responsive to an
obtained court value of the 1input clock signal,
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wherein the delay-locked control unit comprises:

a locked detector that determines whether the DLL 1s 1n
the locked state, and outputs a delay-locked signal;
and

a counter that counts a time 1n which the locked state 1s
maintained based on the delay-locked signal to obtain
the count value, and to output the delay-locked dis-
able signal when the count value 1s equal to or greater
than a predetermined value, and

wherein the counter counts the input clock signal when the
delay-locked signal has first logic level, and the counter
1s rest when the delay-locked signal has a second logic
level.

2. The clock synchronization circuit of claim 1, wherein
when the delay-locking operation 1s terminated, the delay-
locked control unit terminates the detected locked state of the
DLL.

3. The clock synchronization circuit of claim 2, wherein the
predetermined period of time 1s set according to an external
setting signal.

4. The clock synchronization circuit of claim 2, wherein the
predetermined period of time 1s set according to a phase
difference between the input clock signal and the output clock
signal 1n the locked state.

5. The clock synchronization circuit of claim 1, wherein the
DLL comprises:

a phase detector configured to generate an up-down signal
based on a phase difference between the input clock
signal and the output clock signal;

a delay controller configured to output a delay control
signal for adjusting the delay time in response to the
up-down signal; and

a delay line configured to delay the mput clock signal
according to the delay control signal.

6. The clock synchronization circuit of claim 3, wherein the
locked detector 1s configured to receive the up-down signal,
and determine whether the DLL 1s 1n the locked state based on
a number of repetitions of an up state or a down state of the
up-down signal.

7. The clock synchronization circuit of claim 5, wherein the
locked detector 1s configured to determine whether the DLL 1s
locked based on the phase difference between the input clock
signal and the output clock signal.

8. The clock synchronization circuit of claim 5, wherein the
locked detector 1s configured to determine whether the DLL 1s
locked based on a change 1n value of the delay control signal.

9. The clock synchronization circuit of claim 1, wherein the
clock synchronization circuit 1s applied to a semiconductor
device that inputs or outputs data in synchronization with an
external device,

wherein when an operational state of the semiconductor
device 1s changed, the delay-locking operation of the
DLL 1s performed.

10. A clock synchronization circuit comprising:

a delay-locked loop (DLL) configured to generate an out-
put clock signal by delaying an input clock signal by a
delay time, and to execute a delay-locking operation 1n
which the delay time 15 adjusted to a locked state accord-
ing to a comparison between the output clock signal and
the input clock signal; and

a delay-locked control unit configured to detect the locked
state of the DLL, and to generate a delay-locked disable
signal when the locked state 1s detected as being main-
tained for a predetermined period of time, wherein the
DLL 1s responsive to the delay-locked disable signal to
terminate the delay-locking operation in which the delay
time 1s adjusted,
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wherein the delay-locked control unit 1s configured to gen-
erate the delay-locked disable signal responsive to an
obtained count value of the input clock signal,

wherein the delay-locked control unit comprises:

a locked detector that determines whether the DLL 1s 1n
the locked state, and outputs a delay-locked signal;
and

a counter that counts a time 1n which the locked state 1s
maintained based on the delay-locked signal to obtain
the count value, and to output the delay-locked dis-
able signal when the count value 1s equal to or greater
than a predetermined value,

wherein the DLL comprises:
a phase detector configured to generate an up-down

signal based on a phase difference between the input
clock signal and the output clock signal;

a delay controller configured to output a delay control
signal for adjusting the delay time 1n response to the
up-down signal;

a delay line configured to delay the input clock signal
according to the delay control signal;

a first clock butfer that butfers a recerved clock signal,
and generates a first clock signal that 1s applied as a
reference clock signal of the delay controller and as
the iput clock signal to the counter;

a second clock buffer that buflers the recerved clock
signal, and generates the input clock signal that is
applied to the delay line;

a third clock bufler that buffers an output of the delay
line, and generates the output clock signal that 1s
applied to the phase detector; and

a Tourth clock butfer that butiers the output of the delay
line, and generates another output clock signal that
has a same phase as the output clock signal that is
applied to the phase detector, and

wherein operations of the first clock butiter and the third
clock butfer are stopped 1n response to the delay-locked
disable signal.

11. A clock synchronization circuit comprising;:

a delay-locked loop (DLL) configured to generate an out-

put clock signal by delaying an input clock signal by a

delay time, and to execute a delay-locking operation 1n

il
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which the delay time 1s adjusted to a locked state accord-

ing to a comparison between the output clock signal and

the input clock signal; and

a delay-locked control unit configured to detect the locked
state of the DLL, and to generate a delay-locked disable
signal when the locked state 1s detected as being main-
tained for a predetermined period of time, wherein the

DLL 1s responsive to the delay-locked disable signal to

terminate the delay-locking operation in which the delay

time 1s adjusted,

wherein the delay-locked control unit 1s configured to gen-
crate the delay-locked disable signal responsive to an
obtained count value of the input clock signal,

wherein the delay-locked control unit comprises:

a locked detector that determines whether the DLL 1s 1n
the locked state, and outputs a delay-locked signal;
and

a counter that counts a time 1n which the locked state 1s
maintained based on the delay-locked signal to obtain
the count value, and to output the delay-locked dis-
able signal when the count value 1s equal to or greater
than a predetermined value,

wherein the DLL comprises:

a phase detector configured to generate an up-down
signal based on a phase difference between the input
clock signal and the output clock signal;

a delay controller configured to output a delay control
signal for adjusting the delay time 1n response to the
up-down signal;

a delay line configured to delay the input clock signal
according to the delay control signal;

a first clock butfer that butfers an output of the delay line,
and generates a first clock signal that 1s applied as a
reference clock signal of the delay controller and as

the mput clock signal to the counter, and 1s applied to
the phase detector as the output clock signal; and

a second clock butfer that butlers the output of the delay
line, and generates a second clock signal that has a
same phase as the output clock signal that 1s applied to
the phase detector, and

wherein an operation of the first clock butfer 1s stopped 1n
response to the delay-locked disable signal.
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